The antitumor mechanisms of adriamycin (ADR) have been thought to contribute to induction of apoptosis and inefficiency of DNA repair, processes that are to a large extent mediated by mitochondria. This study aimed to investigate characteristics of ADR, including its antineoplastic activity, drug resistance, and unexpected toxicity in non-Hodgkin lymphoma (NHL) Raji cells at the mitochondrial proteomic level. The alterations of the mitochondrial proteome of Raji cells treated with ADR were analyzed by twodimensional differential in-gel electrophoresis (2D-DIGE) coupled with linear ion trap quadrupole-electrospray ionization tandem mass spectrometry (LTQ-ESI-MS/MS). The altered patterns of three identified proteins were validated by Western blot and analyzed by pathway studio software. The results showed that 34 proteins were downregulated and 3 proteins upregulated in the study group compared with the control group. The differentially expressed proteins distributed their functions in reduction-oxidation reactions, DNA repair, cell cycle regulation, transporters and channels, and oxidative phosphorylation. Furthermore, heat shock protein 70 (HSP70), ATP-binding cassette transporter isoform B6 (ABCB6), and prohibitin (PHB) identified in this study may be closely related to chemoresistance and could serve as potential chemotherapeutic targets for NHL. Collectively, these results suggest that specific mitochondrial proteins are uniquely susceptible to alterations in abundance following exposure to ADR and carry implications for the investigation of therapeutic and prognostic markers. Further studies focusing on these identified proteins will be used to predict treatment response and reverse apoptosis resistance, and to explore drug-combination strategies associated with ADR for NHL therapy.
INTRODUCTION
Chemotherapy is a common method of treatment for non-Hodgkin lymphoma (NHL) and can be effective for varying periods of time. Adriamycin (ADR), a classic anthracycline agent, is widely used in drug combination strategies for NHL therapy, such as cyclophosphamide ± ADR ± vincristine ± prednisolone (CHOP). Some patients have shown resistance to ADR, however, and chemoresistance and the risk of doserelated cardiotoxicity associated with ADR are critical obstacles to successful outcomes (1) . Although much progress in conventional therapy for NHL has been achieved during the past decades, 40% to 70% of patients with intermediateand high-grade NHL fail to achieve long-term disease-free survival, and no curative treatment strategies have been established for patients with low-grade NHL (2, 3) .
The mechanisms for ADR antineoplastic activity were thought to contribute to the induction of apoptosis and inefficiency of DNA repair (4, 5) , which were closely mediated by mitochondria (6, 7) . The mammalian mitochondrial proteome is predicted to comprise of as many as 2000-2500 different proteins (8) . Although the mitochondrial proteins and their functional processes have been widely studied (9) (10) (11) , little is known about mitochondrial proteome alterations of various cells or fractions after exposure to various conditions. Furthermore, although the effects of ADR on NHL have been investigated (12, 13) , most studies have focused only on evaluating single-protein changes and none on the total cellular proteome or the mitochondrial proteome. We selected Raji cells for study because Raji cells can serve as a model for human lymphomas with mutant p53 and increased BCL2 expression, which are commonly present in patients with NHL and are considered a source of chemotherapy failure in patients whose disease is chemoresistant (14) . 
Comparative Mitochondrial Proteomic Analysis of Raji Cells Exposed to Adriamycin
The introduction of proteomics has made it possible to simultaneously analyze changes in multiple proteins. In this study, we performed two-dimensional differential in-gel electrophoresis (2D-DIGE) in combination with linear ion trap quadrupole-electrospray ionizationtandem mass spectrometry (LTQ-ESI-MS/MS) as a nonbiased approach to evaluate mitochondrial proteome alterations in ADR-treated NHL Raji cells. Furthermore, we used Western blot analysis to confirm the expressions of three identified proteins from comparative mitochondrial proteomic analysis and used pathway studio software to further analyze these proteins. We sought to perform a global differential proteome analysis of the mitochondria in Raji cells exposed to ADR.
MATERIALS AND METHODS

Chemicals
The cyanine dyes Cy2, Cy3, and Cy5 and immobilized pH gradient (IPG) strips and 2-DE reagents were purchased from GE Healthcare (Uppsala, Sweden). Protease inhibitor cocktail (cat# p2714), ethylenediaminetetraacetic acid (EDTA), mushroom tyrosinase, most general chemicals for sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), buffers, and solutions were purchased from Sigma Chemical Co. (St. Louis, MO, USA) unless otherwise noted. All other general solutions and stocks were prepared using doubly distilled water from a Milli-Q system (Millipore Corp., Bedford, MA, USA). Rabbit anti-cytochrome c oxidase (COX)IV, cathepsin D, proliferating cell nuclear antigen (PCNA), prohibitin (PHB), and β-actin polyclonal antibodies were purchased from Cell Signaling (Danvers, MA, USA). Rabbit-anti-heat shock protein 70 (HSP70) monoclonal antibody was purchased from R&D Systems (Minneapolis, MN, USA). Rabbit anti-ATPbinding cassette transporter isoform B6 (ABCB6) monoclonal antibody was purchased from Abcam (Cambridge, MA, USA).
Cell Culture
The human Burkitt lymphoma Raji cell line was obtained from the Institute of Biochemistry and Cell Biology (SIBS, CAS, Shanghai, China) and was maintained in RPMI-1640 medium (Gibco, Carlsbad, CA, USA) containing 10% heat-inactivated fetal bovine serum albumin (Hangzhou Sijiqing Biological Engineering Materials Co., Ltd., Zhejiang, China), penicillin (100 U/mL), and streptomycin (100 mg/mL) in a 5% CO 2 environment at 37°C. Cells were subcultured every 2 or 3 d. Raji cells were cultured under the same conditions after exposure to ADR.
MTT Analysis
Cell proliferation was evaluated by the MTT [3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl-tetrazolium bromide] assay as described previously (15) . The IC50 (half maximal inhibitory concentration) values were determined directly from the semilogarithmic dose-response curves.
Mitochondria Isolation and Purification Validation
ADR (1.5 μg/mL) was added to 2 × 10 7
Raji cells at the initiation of the 48-h culture period. 
Two-Dimensional Differential In-Gel Electrophoresis and Image Acquisition
Protein concentrations determined by Bio-Rad protein assay for the control and ADR-treated groups were used to normalize the quantities of protein loaded in each sample. Aliquots of 100 μg protein from each of the two samples were individually precipitated at room temperature with methanol and chloroform. Precipitates were solubilized in lysis buffer (7 M urea, 2 M thiourea, 4% CHAPS {3-[(3-cholamidopropyl)-dimethylammonio]-1-propane sulfonate}, 65 mM Tris, 5 mM magnesium acetate) prior to labeling with 200 pmol of either Cy3 (treated) or Cy5 (control). In a similar fashion, 50 μg of each of the two samples were pooled, precipitated, and resuspended in lysis buffer, and incubated for 30 min on ice in the dark, after which the reactions were quenched with the addition of 10 mM lysine (2 μL for each 200 pmol of dye) for 10 min on ice in the dark. Subsamples for each sample (300 μL final volume) were passively rehydrated into 18 cm pH 3-10 (nonlinear) IPG strips for 24 h, followed by simultaneous isoelectric focusing using a Multiphor II (Amersham Biosciences, Uppsala, Sweden) as follows: (a) 30 V, 12 h, step, (b) 500 V, 1 h, gradient, (c) 1000 V, 1 h, gradient, (d) 8000 V, 8 h, gradient, and (e) 500 V, 4 h, step. IPG strips were then transferred onto 12.5% homogeneous polyacrylamide gels cast with low-fluorescence glass plates using an Ettan-DALT Six system (GE Healthcare, Waukesha, WI, USA). The second-dimension SDS-PAGE was then carried out on two gels simultaneously under standard conditions at 5 W/gel for 30 min followed by a total of 180 W for 4 h with a peltier-cooled DALT II electrophoresis unit (Amersham Biosciences). All of the gels were scanned with the Typhoon 9400 Variable Mode Imager (GE Healthcare) to generate gel images at the appropriate excitation and emission wavelengths from the Cy2-, Cy3-, and Cy5-labeled samples. The resulting gel images were cropped with the ImageQuant software tool and imported into DeCyder 6.5 software. The Biological Variation Analysis module of DeCyder 6.5 was used to compare the control and test samples to generate the list of differentially expressed proteins. Taking a cutoff of 1.5-fold up/downregulation with a t-test score P ≤ 0.05 as an initial threshold for significance, 63 protein spots exhibited statistical significance in the mitochondria of ADR-treated Raji cells. The DeCyder gel-analysis software also generated intimate data and threedimensional "landscape representations," which enabled us to select spots of interest for further identification. After image acquisition, the gels were subsequently subjected to silver staining.
LTQ-ESI-MS/MS Analysis and Database Searching
A total of 26 protein spots were cut out of 2D-DIGE gels with a Gelpix SpotExcision Robot (Genetix, Hampshire, UK), and the digested pieces were analyzed via LTQ-ESI-MS/MS (ThermoFinnigan, San Jose, CA, USA) using a surveyor highperformance liquid chromatography system. The system was fitted with a C18 RP column (0.15 mm × 150 mm; Thermo Hypersil-Keystone, Bellefonte, PA, USA). Mobile phase A (0.1% formic acid in water) and mobile phase B (0.1% formic acid in acetonitrile) were used for separation. The tryptic peptide mixtures were eluted using a gradient of 2%-98% B for 60 min. The temperature of the heated capillary was set to 170°C. A voltage of 3.0 kV applied to the ESI needle resulted in a distinct signal. The normalized collision energy was 35%. The number of ions stored in the ion trap was regulated by the automatic gain control. Voltages across the capillary and the quadrupole lenses were tuned by an automated procedure to maximize the signal for the ion of interest. The LTQ mass spectrometer was set so that one full MS scan was followed by 10 MS/MS scans on the 10 most intense ions from the MS spectrum. Dynamic exclusion was set at a repeat count of 2, repeat duration 30 s, and an exclusive duration of 90 s.
For protein identification and statistical validation, the acquired MS/MS spectra were automatically searched against the International Protein Index RAT version 3.15.1 database using the Turbo SEQUEST program in the BioWorks TM 3.1 software suite. An accepted SEQUEST result had to have a DelCN score of at least 0.1 (regardless of charge state). Peptides with a +1 charge state were accepted if they were fully tryptic and had a crosscorrelation (Xcorr) of at least 1.9. Peptides with a +2 charge state were accepted if they had an Xcorr ≥2.2. Peptides with a +3 charge state were accepted if they had an Xcorr ≥3.75. Identifications were considered valid when they contained at least two peptide sequences per protein.
To sort out a single protein member from a protein group, we chose the protein with the highest sequence coverage.
Validation of Selected Identified Proteins by Western Blotting
To further validate the alterations in protein abundance derived from 2D-DIGE/MS, we examined the variance of three enzymes of interest (HSP70, PHB, and ABCB6) by Western blotting. These proteins were chosen because of their crucial functions in the action of ADR on Raji cells and the commercial availability of the corresponding antibodies. A rabbit polyclonal antibody against human β-actin was used to normalize data to an internal standard. Relative expression levels were evaluated by the optical density ratio.
Identification of Protein Function, Possible Pathways, and Interactions between HSPA9, PHB, and ABCB6
To study functional interactions and possible pathways of the HSP70, PHB, and ABCB6, Pathway Studio 5.0 software (Ariadne Genomics, Rockville, MD, USA) was used. This software helps to interpret biological meaning from gene (protein) expression, build and analyze pathways, and find relationships among genes, proteins, cell processes, and diseases (16) . Pathway Studio comes with a built-in resource named ResNet, which is a database of molecular interactions based on natural language processing of scientific abstracts in PubMed. Using ResNet, a researcher can simply drag his favorite gene products onto a new pathway diagram and build a pathway using wellknown interactions discussed in existing literature. Briefly, we first imported a protein list including HSP70, PHB, and ABCB6 into a new pathway diagram, and then built a pathway using the option "Find all entities connected to selected entities (Expand Pathway)." The program searches the current pathway database and ResNet for interactions with the selected entities, and adds them to the pathway. After the new pathway was built, we were able to obtain more detailed information for each object by clicking on any of the biological objects.
RESULTS
MTT Assay
NHL Raji cells (4 × 
Mitochondria Isolation and Purity Validation
To obtain mitochondria of Raji cells with high purity for reliable proteomic analysis, we carried out Janus green B staining to identify the mitochondrial fraction and Western blotting analysis to validate its purity. The isolated mitochondria were stained as bluish green round particles. COXIV was specifically detected in the purified mitochondrial fraction, and this fraction lacked any detectable contamination by abundant nuclear and lysosome proteins such as PCNA and cathepsin D. Our results demonstrated a high purity of mitochondria isolation with the use of our subcellular isolation method ( Figure 2 ).
Physiochemical Characteristics of the Identified Proteins by Comparative Proteomic Analysis
In this study we used 2D-DIGE combined with mass spectrometry and database interrogation to investigate changes in mitochondrial protein abundance of Raji cells exposed to ADR. A total of 1485 spots were detected, and 63 were differentially expressed (≥1.5-fold). We chose 26 spots for further analysis by mass spectrometry and identified 37 unique proteins. Among them, 34 proteins decreased and 3 proteins increased ( Figure 3A) . The magnitude ratio of changes ranged from 1.93 multiple upregulation (O75947) to 4.71 multiple downregulation (Q9NX63).
A detailed list of total identified proteins, together with their molecular mass, isoelectric point (pI), length, and grand average of hydropathy (GRAVY) were categorized according to their functions ( Table 1 ). The altered proteins identified in this study encompassed a range of mitochondrial functions including oxidative phosphorylation (OXPHOS), cell-cycle regulation, transporters and channels, DNA repair, reduction-oxidation reactions, and protein synthesis and degradation. However, there were still two proteins that had not been matched to their functions (O95897, 027970). The distribution of function, pI, molecular mass, and GRAVY of the identified mitochondrial proteins are shown in Figure 3B . The identified proteins were distributed over a pI range of 4.95-10.57 and a molecular mass range of 13.71-590.99 kDa, indicating that the purification procedure did not cause detectable protein degradation. A relatively large percentage of the proteins had a slightly basic pI value range of 5-9 (32 of 37, 86.49%). No protein with a pI below 4 was detected, indicating that the mitochondrial fractions enriched alkaline proteins, consistent with the results reported by Rezaul et al. (17) . About 75.68% (28 of 37) proteins identified had masses of 10-60 kDa. The mass of the smallest was 13.71 kDa and the largest was 590.00 kDa. The average pI and molecular mass of the proteins identified were 5.84 and 25.80 kDa, respectively. Furthermore, all proteins with a higher pI did not have a larger molecular mass (for example, GPR81, which has a pI of 9.14 and a molecular mass of only 39.295 kDa). In addition, the symmetric distribution of hydrophobic index (GRAVY) values indicated a range of hydrophobic characteristics in mitochondrial proteins. A cDNA sequence (Q6ZWG4), for which no annotation about the protein name or function was well characterized, was present in significantly altered multiples, and it was most likely to be localized in the mitochondria as well. Ten proteins were identified in more than two nonsequential fractions (in either dimension), suggesting that these proteins may have potential posttranslational modifications (18) .
Western Blot Analysis of HSP70, PHB, and ABCB6
When we compared mitochondrial lysates from control and ADR-treated Raji cells by Western blotting, we observed that the expressions of HSP70 and PHB were increased whereas the expression of ABCB6 was decreased (Figure 4) . The results were in conformity with those obtained with 2D-DIGE. The isolated mitochondria were stained as bluish green round particles. (B) Validation of Raji cell mitochondrial purity by Western blotting. An equal amount of proteins (20 μg) were loaded onto a 10% SDS-PAGE with indicated antibodies against marker proteins from mitochondria (mito) and nuclei and lysosomes (nuclei/lysosome). Antibodies against COXIV were used as a marker specific for mitochondria. Antibodies against PCNA and cathepsin D were used as markers for nuclear and lysosome proteins, respectively. The results showed that COXIV was specifically detected in the purified mitochondrial fraction, and this fraction lacked any detectable contamination by abundant nuclear and lysosome proteins such as PCNA and cathepsin D.
Evaluation of the Bioinformatics Tools
Results of investigations of all identified proteins in several protein databases such as Swiss-Prot, NCBI, EMBL, BioInformatic Harvester, WOLF PROST, Target P, MitoSub, and MitoP2 revealed them to be mitochondria-associated proteins. The pI and molecular mass of each protein were verified based on the 2D-DIGE image. The information obtained from these databases confirmed that our experimental strategy was suitable and unbiased, and also confirmed the sensitivity and specificity of the bioinformatic tools used in combination to predict the presence of mitochondrial proteins.
The software Pathway Studio 5.0 was used to search possible protein-protein interactions, common regulators, cell processes, and related diseases for associations with HSPA9, PHB, and ABCB6. A simplified picture of their interactions is shown in Figure 5 . By this approach, we found that proteins belonging to different structural and functional families had PHB as a common target and were involved in processes such as mitogenesis, defense responses, germination, inflammation, proliferation, and apoptosis. Furthermore, most of the diseases associated with these three proteins were cancers derived from various organs ( Figure 5 ).
DISCUSSION
In this study, 2D-DIGE combined with LTQ-ESI-MS/MS was conducted as a nonbiased approach to evaluate mitochondrial proteome alterations in ADRtreated NHL Raji cells. Former studies confirmed that mitochondrial dysfunction is closely related to the pharmacological mechanism of ADR. Therefore, analysis of these differentially expressed mitochondrial proteins may be useful in monitoring the therapeutic response to NHL treatment, especially for investigating the chemoresistance related to the effect of ADR on Raji cells and triaging NHL patients to the best therapy. 
Cardiotoxicity
In this study, the protein superoxide dismutase 2 (SOD2, MnSOD), which is involved in reduction-oxidation reactions, was downregulated in Raji cells after exposure to ADR. SOD2 is a major mitochondrial antioxidant that plays a critical role in protecting mitochondria from oxidative damage as a consequence of superoxide generated from the electron transport chain (19) . SOD2, peroxiredoxin3, mitochondrial thioredoxin, and mitochondrial thioredoxin reductase have been found to be the main components of the antioxidant system (20) (21) (22) . Mitochondria are considered a principle source and target of reactive oxygen species (ROS) (23) , and the collapse of the mitochondrial transmembrane potential can initiate the signaling cascades involved in apoptosis (24) (25) (26) . It is well known that the cause of ADR cardiotoxicity is multifactorial, even though most ADR-induced cardiac effects can be attributed to ROS formation, which ultimately results in myocyte apoptosis (2) . Abnormal mitochondrial respiration can result in oxidative stress (27) , uncoupling of the oxidative pathways from mitochondrial ATP synthesis (28) , and subsequent failure of the provision of cellular energy (29) . Obviously, the downregulation of SOD2 indicated that the ADR-induced anticancer effect can break down the balance of oxidant and antioxidant in mitochondria. It has been reported that both SOD1 and SOD2 were overexpressed in an ADR-resistant gastric cancer cell line (SGC7901/ADR) (30) . Therefore, the identification of novel early biomarkers from drug-induced toxicity could aid drug discovery by improving the toxicity prediction process. Antioxidants such as tocopherol and vigorous exercise before ADR treatment have been used to minimize the cardiotoxic effects of ADR (31, 32) . How to minimize the cardiotoxic effect but maintain the antitumor effect of ADR, however, remains a formidable question to be solved.
Antineoplastic Activity
Cellular oxidative stress associated with the deficiency of SOD2 in Raji cells after treatment with ADR may induce DNA and protein damage, and contribute to chemotherapeutic drug-induced apoptosis in cancer cells (33) . In this study, proteins involved in DNA repair, such as Fanconi anemia, complementation group F; mutS homolog 3 (E. coli); and Rad52, were all downregulated in ADR-treated Raji cells. Interestingly, an mRNA sequence (O75947) similar to the ATP synthesis D chain was upregulated, indicating that adequate ATP in mitochondria was necessary for development of apoptosis. This finding is consistent with those reported by Yu et al., who analyzed camptothecin analogue NSC606985-treated acute myeloid leukemic cells (34) . In this study, several proteins involved in OXPHOS, including glyceraldehyde-3-phosphate dehydrogenase (GAPDH), hydroxyacyl-coenzyme A dehydrogenase (HADH), and a protein similar to acyl-coenzyme A thioesterase 2 were all downregulated. These results indicated that with the stress of ADR it was necessary to provide sufficient ATP, but the deficiency of some proteins involved in the antioxidant and DNA repair system obstructed normal mitochondrial functions. Thus, cellular proliferation is hindered and apoptosis is an unavoidable event for Raji cells after exposure to ADR. Pathways and networks associated with HSPA9, PHB, and ABCB6. Pathway Studio software was used to map the above three identified proteins onto characterized human pathways and networks that are associated with these proteins based on known proteinto-protein interactions, mRNA expression studies, and other biochemical interactions previously described. Proteins belonging to different structural and functional families had PHB as a common target and were involved in processes such as mitogenesis, defense response, germination, inflammation, proliferation, and apoptosis. Most of the diseases associated with these three proteins were cancer derived from various organs.
Drug Resistance
The 70-kDa protein HSPA9 was significantly upregulated in ADR-treated Raji cells. HSPs are induced as an adaptative response in all cells when they are subjected to various stresses, particularly oxidative stress (35) . One member of the HSP family, HSP70, plays a central role in importing mitochondrial protein (36, 37) . HSP70 protects against oxidative stress by a mitochondrial defense mechanism (38) and may influence both mitochondrial and postmitochondrial apoptotic events, including those associated with members of the Bcl2/Bag/Bax families and the effect of caspases (39) . Thus, many investigators believe that the high expression of HSP70 indicates a poor prognosis (35) . Kroemer reported that HSP70 could inhibit apoptosis-inducing factor by retaining it in cytoplasm (40) . HSP70 is a very effective substance that protects cells from undergoing apoptosis by operating at several levels in the regulation of apoptosis. By treatment with an HSP70-neutralizing peptide, ADD70, Schmitt et al. delayed tumor growth and reduced the metastatic potential in mouse melanoma and rat colon carcinoma (41) . Furthermore, ADD70 enhanced tumor sensitivity to the cytotoxic drug cisplatin in these cells in vivo. Thus, targeting HSP70 is a potential strategy for cancer therapy.
We also found that isoform 4 of mitochondrial ATP-binding cassette subfamily B member 6 (ABCB6) was downregulated. ABCB6 is considered to be localized in the outer mitochondrial membrane as a mitochondrial transporter involved in porphyrin transport (binding heme and porphyrins) (42) and iron homeostasis (43) . The downregulation of ABCB6 is consistent with our finding that HBE1 (the hemoglobin subunit epsilon) and HBA2 (HBA1 hemoglobin subunit α) were both downregulated, resulting in deficiency of oxygen transport and subsequent deterioration of the homeostasis of the internal environment (44) . Interestingly, ABCB6 is reported to be associated with resistance to cytotoxic agents (45) . A study demonstrated that ABCB6-mediated multidrug resistance may be clinically relevant because expression of ABCB6 is increased in hepatocellular cancer (46) . Former studies showed that there are many mechanisms of chemoresistance to anthracyclines and that resistance is often multifractional. We presumed that owing to various cell lines, tissues, or drugs, the expression of proteins and their involvement in multidrug resistance are diverse. More investigations are required to validate this hypothesis.
Notably, PHB, which might be involved in chemoresistance, was demonstrated to be upregulated in ADR-treated Raji cells. PHB is a highly conserved mitochondrial protein that is thought to play roles in cell-cycle control, differentiation, senescence, and antiproliferative activity (47) . Former studies confirmed that PHB may defend against oxidant injury, suppress apoptosis in mammalian cells, and promote survival of cancer cells (48, 49) . Results of a study by Fusaro et al. indicated that overexpression of PHB in a human lymphoma cell line blocked apoptosis induced by the topoisomerase I inhibitor camptothecin (50) . Reportedly, PHBs function as negative regulators of E2F-mediated transcription (51) . The E2F transcription factors play a major role in regulating the proliferation, differentiation, and apoptosis of mammalian cells. The transcriptional activity of the E2Fs is modulated mainly by the Rb family of proteins, and PHB interacts with Rb family members to repress E2F transcriptional activity (50) . The correlation of PHB, E2F, and Rb can also be found in our pathway analysis, as shown in Figure 6 . Novel approaches that target PHB may lead to the development of new therapies that limit the development of resistance or enhance the sensitivity of lymphoma cells to ADR.
It is well known that the lack of a complete and long-lasting response to chemotherapy is a main drawback limiting the clinical potential of ADR in NHL treatment. Proteomic techniques have identified novel biomarkers with the potential to enable prediction of response to anticancer therapy, particularly chemoresistance. Before these "potential prognostic markers" are applied clinically, however, further studies are required to validate whether these alterations are the cause or the result of resistance to anticancer therapy.
In conclusion, we used 2D-DIGE in combination with ESI-MS/MS to analyze the changes in mitochondrial protein expression in control Raji and ADRtreated Raji cells and identified several biomarkers with the potential to enable prediction of response to anticancer therapy. Defects in the mitochondrial antioxidant defense system, DNA repair, and OXPHOS might be the main mechanisms involved in the effect of ADR on the mitochondria of Raji cells. Defects in the mitochondrial antioxidant defense system have dual effects on the anticancer mechanism and cardiac toxicity. We also found a series of proteins associated with chemoresistance relevant to ADR, including HSP70, PHB, and ABCB6. However, such markers require functional studies before clinical use. Further direct analysis on these identified proteins may provide potential prognostic markers and facilitate exploration of drug-combination strategies to avoid unexpected toxicity associated with ADR for NHL treatment.
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